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press ion vector in animal cells since methods spec if ic to 
this $ystesi were developed (Panical? and Paoletti, 1982; 
Macfcet et at., 1982, Smith et al,, 1983; Pamicaii et aU; 
5 Kieny et at., 1984). The construction of recombinant 

vi ruses of vaccinia virus containing ger.es which code for 
proteins of medical or veterinary interest is particularly 
sought. The synthesis of the foreign protein whose gene 
ha$ been integrated into the genome of vaccinia virus can 

10 then be obtained in in vitro cell culture or after inocu- 
lating into 3 living organism, depending on the object - 
pursued. One of the advantages of vaccinia virus as the 
vector is its capacity to multiply in a large nusber of 
different types of celts. 

15 However, there are some exceptions to this rule; 

in particular, the wild type of vaccinia virus is incapa- 
ble of multiplying in a Chinese hamster ovary, CHO, cell 
line (Or it Lien, Spehner and Kirn, 1978). Thus, CHO cells 
constitute one of the most prosis ing systeos for tfie syn- 

20 thesis of proteins in mamma* ian cells. In fact, these 

cells can be cultured easily; they have a short generation 
time and their genetics are the best known of all simitar 
systems. 

The present invention relates to the modification 
25 of the vaccinia virus by integrating into its genome a 
foreign gene which gives it the capacity to au 1 1 i p t y i n 
CHQ cells. The gene wh : ch provides this new host speci- 
ficity is derived from the cowpox virus Cor bovine small- 
pox, cow virus related to the vaccinia virus) which is 
30 capable of multiplying in CRO cells. The genomes of cow- 
pox and of vaccinia, virus are very simitar particularly 
in the 100,000 base pairs of the central portion of DMA 
(Mackett and Archard, 1979) - However, the genoiae of cow- 
pox is larger than that of vaccinia (approximately — 
35 230,000 bp instead of 190, 0C0> and the additional genet ic 
information it contains, appears to reside essentially at 
its ends. The s isn't arity between the ger.oae of vaccinia 
virus and that of cowpox enables tfta use of cc«pox as tne 
vector naturally adapted to CHO celt > to be envisaged. 
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However, cow pox multiplies at a titer ten times 
Lower than that of vaccinia, which is likely to result in 
a Lower yield of expression of a protein produced by a 
cowpox recombinant in comparison with a vaccinia 
recombinant .. 

Moreover, frora the point of view of using viral 
recombinants for vaccination,, it must be emphasized that 
the use of vaccinia virus is well know* and has now 
enabled smallpox to be eradicated completely. 

The present invention relates to the development 
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snd which comprises the 


whole or 


a functional portion of 



the sequence shown in Figure 6 or a functionally equiva- 
lent sequence. 

It is possible that a portion of this gene, re- 
ferred to as the "functional portion",, is sufficient to 
provide for the multiplication. It is also possible that 
mutations or point variations do not modify the function; 
reference is then made to "functionally equivalent sequence" 

Although it is preferred chat this ON A sequent e — 
contains its own control signals which provide for its 
expression in, CHO cells, this is not indispensable, and 
placing i : under the control of elements having a dif- 
ferent origin may be envisaged. 

As described above, this 0 H A sequence is sore 



particularly intended for integration into the vaccinia 
virus in order to provide for its mu t t i p t i c a t i on in CHO 
cells. This integration is accomplished by homologous 
recombination; it is therefore useful to ensure that tile 
OKA seouence in question will contain at least one region 
homologous to a sequence of the vaccinia virus which could 
participate in this process of homologous recombination 
during the intracellular multiplication of the viruses. 

In fact, it appears that in the cowpo* virus the 
gene which enables multiplication to occur in CHO cells 
ss surrounded by sequences homologous to the sequences of 
the vaccinia genome, which enables the preparation of a 
ptassnid recombination vector to be simplified. 

As already known in. the case of the vaccinia 
virus, it is possible to insert into the ON- A sequence 
which forms the subject of the invention a gene coding 
for 3 protein of industrial value, which is dependent on 
letaents providing for its expression in the 
This technology has already been described, 
the following patents: 84/06,499, 34/07,959 
and can be employed possibly with some 
nd advantages. In particular, in the pre- 
uctions, the selection of the recombinant 
viruses was carried out by inserting the gene to be ex- 
pressed into the TK gene of vaccinia, which results in 
the recombinant virus being r <g r,d^ r s<S TK and in enabling 
the selection to be carried out by the known method. 

In the present case, it is not indispensable to 
carry cut an insertion into the TK gene because, insofar 
as the gene coding for the prote '. n of industrial value is 
linked to the gene providing for the multiplication in 
CHO cells, only the recombinant viruses can multiply on 
CKO cells, which allows a "natural" selection of the re- 
combinant viruses to be carried out. — 
In the latter case, it is preferable that the DNA 
block containing the genes to be recomb ined is flanked by 
sequences nomologous to the sequences of vaccinia virus 
in crier that they remain linked during the reconbi nation. 
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infected with a recombinant vaccinia virus incorporating 
3 ONA sequence as described above and, in particular, a 
gene coding for a protein of industrial value and to the 
corresponding viruses. 

The invention also relates to plasties vectors 
incorporating 3 DNA sequence as described above, it beinc 
possible for these vectors to be employed in order to 
carry out the recombination in v'vo. 

The invention also relates to CHO cells which 
have been integrated into a ON A sequence according to the 
present invention and which are capable of ensuring the 
multiplication of the vaccinia virus in these cells. 

Finally, the invention relates to the preparation 
of proteins of industrial value by cut turing CHO cells 
which are infected by a recombinant virus according to 
t n e invention. 

The examples below are intended for illustrating 
the other characteristics and advantages of the present 
invent ion. 

£ x amp I e 1 Identification of the region of the cow-pox 

virus genome which permits multiplication in 
CHO cells. 

Recombinants between the vaccinia virus and covpo 
•were selected after mixed infection of chick embryo cells 
with each of the viruses. Analysis of the 0 N A of the 
recombinants shows that the capacity to multiply in CHO 
cells is associated with the retention of the restriction 
sites at the left end of tie cow pox genome. 

Primary chick embryo cells, prepared f r 0 a 11 to 
12-day old embryonsted egos, are simultaneously infected 
with a temperature-sensitive mutant of the vaccinia virus 
tsN7 (Drillien et at., 1982) and covpox (Brighton strain) 
at a rate of 2 plaque-forming units ( p f u ) per cell. Con- 
currently, other cell lawns are infected with each of — 
these viruses. After one hour of adsorption, the excess 
unadsorbed virus is removed and fresh medium is added to 
the cells. 

The latter are incubated at 33°C for one to two 
days until t h •:■ entire cell layer undergoes necrosis. The 
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infected celts are then f roj«n end 5hs«e(i, and the virus 
resulting from the infection is titrated at 39.5 V C on 
thick embryo cells, under a Layer of medium containing 
1% refined agar. After two days at 39„5°C, a Larger nus- 
5 ber of plaques of the virus is formed on the celt lawns 
infected with the mixture of the two viruses than on the 
control lawr.s (neither the temperature-sensitive mutant 
of vaccinia virus nor the cowpox gives a significant num- 
ber of plaques); the plaques which appear from the mixed 
"SO infection may therefore correspond to recombinants bet-ween 
the cowpox end the vaccinia virus. 

Plaques of potenti3i recombinants are then taken 
again individually, and the virus they contain is amplified 
by multiplication on chick embryo cells. Their ON A is 
15 then purified, cut with restriction enzymes and then 
analysed on agarose gel. 

It can be concluded from the restriction profiles 
that each plaque indeed corresponds to a recombinant be- 
tween the vaccinia virus DMA and the cowpox D N A . Using 
20 known restriction maps for related viruses ( M a c k e 1 1 and 
Archard 1973, Orillien and Spehner 1983), it is possible 
to establish the origin of most of the fragments of the re- 
combinants and to draw their restriction maps (Figure 1). 

It is seen that the recombinants designated A , 6, 
25 14, 15 and 19 which are capable of multiplying in C H 0 

cells have retained the characteristic sites of the left 
end of the cowpox genome. The other recombinants designa- 
ted 2 , 7 , 11, 16 and 18 which are incapable of multiplying 
in CHO cells have only a part or none of these sites of 
30 the left end of the cowpox genome. 

It follows from these results that the retention 
of the restriction sites c f the left end of the cowpox 
genome is associated with the phenotype of multiplication 
on CHO celts. — 
3 5 Example 2 Isolation and analysis of the genome of the 
vaccinia virus recombinants, which has inte- 
grated a cowpox DKA fragment 
In order to define raore accurately the I o c £ I i : a - 
t ion of useful genetic information, recombinants capable 



c-f multiplying on CHO cells were selected after infection 
with the vaccinia virus and t r ans feet ion ■■* i t h cewpox ON A 
f r a g me r> t s - 

The restriction fragments useful for the analysis 
5 of the portion which is important, i.e. the left end of 
the two viruses, are shown in Figure 2 ; the events of 
recombination described in Example 1 may be expected to 
occur in this portion of the genome. 

Primary cells of thick embryo are infected with 

10 the vaccinia virus mutant tsN7 (Drill ien et a I., 1932) 

at a rate of 0.1 pfu per cell 3 n d transfected with a mix- 
ture of intact D N A of the wild strain of the vaccinia 
virus (Copenhagen strain) and the cowpox D N A (Brighton- 
strain) which has previously been digested with the 

15 enzyme Hindlll. Controls for transfection without DNA or 
with the DMA of the vaccinia virus alone are prepared. 
After incubating for 43 hours at 39.5°C, the cells are 
frozen, thawed and the virus thus released is titrated on 
a monolayer of CHO cells which are then covered with the 

20 medium containing 1% ag3r. 

Samples originating from cells transfected with 
the cowpo-x 0NA give many lytic plaques on CHO cells 
whereas the control samples give none of them. 

The plaques visible on CHO cells are taken again 

25 individually and the virus they contain is amplified on 
chick embryo cells. Their DNA is then extracted and 
analyzed by comparison with the DMA of the two related 
strains of vaccinia and cowpox. After digesting with the 
enzyme EcoRI, the ON A fragments are separated by electro- 

30 phoresis on agarose gel and they are then transferred to 
3 nitrocellulose filter and hybridized with the Sall-K 
fragment of the vaccinia virus, which is radioactively 
labelled with ^ 2 P. 

After washing the nitrocellulose in order to rs- 

3 5 move the non-soecifically bound radioactivity, an auto- 
radiograph is prepared. The autcradiograph (figure 3) 
shows that the recombinants of the vaccinia virus which 
have integrated a cowpox fragment have lost the EcoRl-C 
fragment which is typical of the vaccinia virus and they 



contain an EcoRI fragment which hybridizes with the 
radioactive SaU-K vaccinia fragment; this, fragment is 
intermediate in size between the EcofH-A fragment of the 
cowpox and the EcoRI-C fragment of the vaccinia virus. 

This new c owpox- vacc i n i a hybrid EcoRI fragment 
which is present in all the recombinants, originates from 
a double recombination between the EcoRI-A fragment of 
cowpox and the EcoRI-C fragment of vaccinia and must con- 
tain the information required for multiplication in CHO 
cells. for this, recombination to take place, it was es- 
sential for the information which permits multiplication 
on CHO cells to be surrounded on either side by sequences 
of the cowpox genome homologous to the sequences of the 
vaccinia genome. 

Example 3 Construction of a recombinant plasmid carrying 
the region of the cowpox genome, which permits 
multiplication in CHO cells. 
In order to isolate the genetic information which 
permits multiplication in CHO cells, the EcoRI-A fracsient 
of one of the recomb inants described in Example 2 was 
cloned in the bacterial plasm-id pAT153 (Twigg and Sherratt 
1980) . 

The 0 N A of one of the recombinants described in 
Example Z is purified and then cut with the enzyrae EcoRI. 
The EcoRI-A fragment is eluted from agarose gel and then 
inserted into the plasmid pAT153 which has previously 
been subjected to the action of EcoRI. HE 1 0 1 bacteria 
are transformed with the ligation mixture and the DNA of 
the colonies obtained is then transferred onto nitrocel- 
lulose and hybridized with the SaLI-K fragment of the 
vaccinia virus. The colonies which are hybridization- 
positive are amplified and the plasmid DNA they contain 
is purified. Two plasmids were obtained: pEA1 and p£A2, 
which correspond to the insertion of the EcoRI-A fragment 
into the two cpoosite orientations in the vector p AT 153. 

In order to verify that these plasmids carry the 
genetic information which permits the multiplication of 
the virus on CHO cells, a recombination is induced between 
the insert of tr.e plasmid DNA and a vaccinia virus: chick 



erotir yc; cells -are infsctea w i th "fit; i e mo s r a t « r - s e n 5 1 s. 1 ve 
mutant tsN? of the vaccinia virus at 3 rat* of G.l pf u 
per celt and then tr an$fec led wHh the ON* of a vi'.d 
vaccinia virus and with tbs DNA of the »U$sid pEA1 or 
p£A2. Controls without the !>NA cf the vaccinia virus or 
without plasmid are also prepared. After incubating for 
48 hours at 39.5°C, :he cells are frozen 3rd then thaved 
and the virus resulting from the- infection is ci tratec 
on CHO cells. Only the samples originating f res the cells 
transacted with the v«ccin : « virus ONA arse the pt osas ids 
p £ A T or p £ A 2 give pleques an CHO cells.. 

Example 4 Suo-ctoning 0 -f p£.a.l fragments of smaller size 
in a vector plassr. id intended for recombination 
with the vaccinia virus. 
In order to improve ine localization of the 
genetic in for/net ion vhich permits the multiplication in 
CHO cells, restriction fragments which cover smaller por- 
tions of the pi asm id pEA'l uer<~ cloned in a pLastr.id carry- 
ing the th >■ »idin$ kinase IT K ) gene of t •-. * vaccinia sir u s 1 
pTS186ooty - 

C on s t r u c t i on 0 f p T S 1 36po I / : 

The Hindi I I f ragmsnt (Hir.-J) of the genose cf the 
vaccinia virus CVV) contains ths consolete thymidine kinase 
(TK) gene which has already desn used previously to permit 
the exchange and the r eccrsb i r, & z i or, 0 f a foreign 9NA f rag- 
sent in the YV genome iKackett e: al., 1982). 

It is important to nets that the transfer of an 
insert into the TK gene of W genome produces a TK- 

deficient virus, which facilitates its selection. 

It was first cf si I necessary to produce s plssmid 
of smai I s i;e carrying s un i que Hindi I site «h i ch can be 
used for integrating the Hin-J fragment oi vy . Add i t >cn- 
ail/, the unnecessary restriction sites of the plasm id 

t ions to be carried out. 

The construction was i n i : i 3 t a d s^rnng wits rre 

cer i vec' frcm the plastsid tSR32E -n vhich the segment be- 
tween tne nucleotides 1089 ana 2^91 was ;os: by sponzaaouz 



deletion. The Pstl sequence was (irsc reaoved by insert- 
ing the AhaUl-Aballl fragment of pUCS {VHoira aod 
Pfessing, 1982) between the two A&alH sites of pRLS, re- 
moving 19 base pairs, 
5 The "I infcer-tiil frig" method U.athe et si., 1984) 

was employed to insert a Hindi U adapter between the 
Urul and EcoRI sites treated with SI of this ptasaid, re- 
moving the 8a«HX site. This leads to a plasmid with 2049 
base pairs carry ing the functional, g-laetaaase gene (which 

10 gives assp i c i 1 1 in resistance) and additionally containing 
an origin of replication which is active in 5. cot i and a 
unique Hindi 1 1 restriction s ite. This construction was 
called pTGlH. 

The Hin-j fragment of the DMA of VV carrying she 

15 IK gene has previously been cloned into the pAT153 vector 
(SrHtien and Spshner, 1983), This 4.6-kb fragment was 
recloned into the HindXII site of pTSIH. A clone in which 
the TK gene is located d is tolly relative to the gene cod- 
ing for asipic ill in- resistance was selected. This oon- 

20 struct ion was called pTS1H~TK. 

The pTSTH-TK construction was used as a vector 
for the following constructions. 

The next step was to isolate a promoter for V¥, 
which can be used to control the expression of the foreign 

25 gene to be integrated into VV. The promoter for an early 
gene coding for a ?,5GQ~dat ton C7.5 K ) protein has already 
been successfully used for an. identical purpose (Ssith at 
at., 1933), and an isolation of this segment was therefore 
carried cut,. 

30 The 7.5 K gene is located on one of the smallest 

Sail fragments CSal-S fragment) of the genome of the MR 
type of VV ( Venkatasan et at . , 198 ?K As the smalt frag- 
ments were cloned preferentially, a large proportion of 
the clones obtained by cloning the SNA of the type of 

3 5 VV cut with Sail directly into the p8fi322 pi ass id earn es 
the Sal-S f r agntent . "his fragment is transferred ante the 
vector bac:er iophage ,*U3f»p?01 (Kieny et a I., 1983), by 
Sail diges t ion and relocation, which c i ves the p&age 



In this c I one, a Seal site is present in the 
imaediate p< ex imi ty of the initiation ATG of tfc* 7.5 K 
gene. Downstream of tfse 7.5 K gen-e there sr-e tMo un>«u# 
8a®KX and EcoR i sites originating from the vector. The 
SamBI and Seal sites are fused using 3 Sglil adapter: 
5 s -CA.GATCTG-3' after filk ing in the ends generated fey 
SsnrHX digest ton with the Klenow fragment of '£.. cot i poly- 
merase . This method removed the Seal site, out reconsti- 
tutes the 8e»Hi site and aoves the unique EccRI site 
downstream.. At the same ti«e, the Sail CAccX) site down- 
stream is removed, and the SstI site upstream therefore 
becomes unique. This construction is called H13.TG.7.5K. 

Within the Hin-J fragment of the UNA of VV there 
are Clal and EccRI sites which are separated by approxi- 
mately 30 base pairs Ctfeir and «oss, 1-983). The 7.5 K 
promoter fragment present in H13.TG.7.5K is excised with 
AccI and EcoSI and cloned between the Clal and Scofil sites 
of pTG1H~TK in order to produce pTG IH-TK-P7 « 5K . 

In this construction, the unique BaaHI and EcoSi 
sites of the «13 vector are located immediately downstream 
of the 7.5 K promoter sequence. These unique SasHI and 
EcaRI sites are used in the fol lowing construction. 

The polyl inker segment of the bacteriophage 
M13TG131 (Kieny et el., 1983) is excised with EcoRI and: 
Sgt 1 1 and inserted between the EcoSI and BamHI sites of 
the plasmid pTG 1 H- TK -? ? , 5k , generating pTG186poly. In 
this construction, 5 unique restriction sites are availa- 
ble for cloning a foreign gene under the control of the 
P7.5K promoter: PstI, BamHI, SstX, Smal and EcoSI. 
Inserti on pi ? the pEAt fragments in to pTG l36ool y : 

The EcoRIA fragment of the ptasnsid p£A1 was- diges- 
ted with different enzymes, and fragments of different, 
sizes were inserted into pTS186poty. 

The recombinant plasties derived f res pTGl86oofcy 
and containing portions of the EcoRI-A fr&qmenz of the 
rscosbinant pi asm id pEA-1 are shown in figure u. 

Cutting of the plasiaid oEA" with the enzyme 
3gl 1 1 gives several fragments . The largest of the Sgt i X 
fragments w3s inserted into the SarsHI :ite of the 



